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2. Institution & address: 

Regents of the University of California- 
University of California at Davis 
Davis', California 95616 
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3* Department(s) where research will be done or collaboration provided: 

Department of Internal Medicine (Drs. Cross and Goldstein) 
Department of Biological Chemistry (Dr. Mustafa) 1 
Primate Center Research Facility (Drs. Mustafa and Chow) 

4. Short title of study: 

Cigarette Smoke Effects on Certain Aspects of Rat Lung Metabolism 


5. Proposed starting date: January 1, 1974 

6. Estimated time to complete: 30 months # 

7. Brief description of specific research aim*: 

The proposed studies are intended- to accomplish the following specific 
research aims t 

i) to determine the effects of long-term cigarette smoking on rat lung 
enzymes related to the pentose shunt and to glutathione metabolism; on rat 
lung lysosomal enzymes; on rat lung alveolar macrophages; and on rat anti¬ 
bacterial defense mechanisms. 
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’ ii) to determine the effects of long-term cigarette smoking minus 
particulates on the above mentioned! lung biochemical and> antimicrobial parameters 

iii) to determine the interacting effects of long-term cigarette smoking 
and oxidant 
biochemical 


pollutant (ozone) exposure on 
and antimicrobial parameters. 


the above mentioned' 


lung 
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8: .Brief $tatement of working hypothesis: . - 

Preliminary studies in our laboratory have demonstrated that experimental 
rat exposures to cigarette smoke four times daily for five weeks result in 
significant increases in lung glucose-6-phosphate dehydrogenase (a key enzyme 
r in the pentose shunt that subserves generation of "reducing equivalents")! and 
increases the number of resident alveolar macrophages. It is thus our working , 

* jfcVfrr hypothesis that long-term cigarette smoking t does effect lung parenchymal . ' 

» 'metabolic processes, that these effects result in'augmentation of certain 

^enzymes related to pentose shunt activity, and that this could* conceivably result 
an augmented lung antioxidant defense capability. We intend' to test this 
^/hypothesis by determining changes induced by cigarette smoking on the activities 

a number of enzymes subserving lung glutathione metabolism and the superimposed 
-^effects of cigarette smoking and oxidants on these systems. We intend to .- H . 

determine if the particulate phase contributes to this metabolic adaptation by ' ^ 

.looking at the effects of both whole cigarette smoke and cigarette smoke without 
particulates on the forementioned lung metabolic parameters. ._ 

S ' ’ v-v ; •• * 

since increases in resident alveolar macrophages have been reported to occur 
|t“in human smokers we also propose to look at the number of alveolar macrophages ^ 

^^<pthat can be obtained by alveolar lavage in cigarette smoking rats and attempt 

correlate this with particulate inhalation and with a simultaneous assessment /-Sill 
.^^of llang antibacterial defense systems. t . 

• • - ’* ' * 

s ^ nce we have found that high dose short-term oxidant exposures compromise f 

',^r^lung antioxidant defense systems whereas low dose long-term oxidant exposures 
r ‘^/'augment lung antioxidant defense systems, we plan to examine the effects of >2^ 

prior cigarette smoke exposure on lung short-term and long-term oxidant . , 

- /^susceptibility. 

— ..... - " 

C Finally, since cigarette smoking causes an increase in lung alveolar ' * 

macrophages in humans and since these cells have a high content of potentially * 

.-.^damaging lysosomal enzymes, we plan- to assess potential cigarette-induced 

(or intrapulmonary release) of these lysosomal enzymes by assessing „ ‘ . ~ J :p 

both particulate phase and cytosol phase lysosomal enzyme activity in lungs . * 

' r exposed to cigarette smoke. • 

- y *■"' - . ;v. t . . , ^ 

1 ' ^ * ’ • ' ’m<i"?_ r . v ..'„v 

' 9 1 . Details of experimental design and procedures (append extra pages as necessary) - — l\l 

, ■* -«• *»."VVV ' t - v * is* - t. ' . - *_«*.» * ^ 
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Introduction . ..V’ • ' 

^V^^ v ^ The lung is an organ at risk from the effects of noxious inhaled: environ- 

mental agents. As such, the lung has been provided with a number of self-protective 
defense systems. This study is designed to study the effects of cigarette smoking 
■^^*011 two of these defense systems, mainly Iung t antioxidant defenses and lung anti- 
.Wkkbacterial defenses. In addition, the study will include assesssments of the '"‘ T< - 



interacting effects of cigarette smoking and exposure to oxidant pollutants and 

^^assessments of lungf lysosomal enzyme systems. .•- .. * ’ 

■■ ' •• v - ' ' * - * *:*• 

It has been shown recently that sulfhydlryl-containing compounds are ^ 

susceptible to such oxidant stresses as ionizing radiation Cl) t high oxygen 
tens ion (2), and ozone (3-5). These compounds, which are primarily glutathione 
^«$^and cysteine, have been postulated to be part of an antioxidant defense system 

lung cells (6) . Preliminary studies in this laboratory have suggested - \V 
although chronic cigarette exposure does not particularly affect the total 
amount of sulfhydtyl-containing compounds, in the lung, this exposure does alter 
the ratio of reduced to oxidized compounds in the cell (see III B) . This 
-V/^alteration has a potential effect on the ability of the lung to withstand 
.i^W^oxidant stress. For this reason, this study proposes to systematically 

; V characterize cigarette smoke-indhced changes In lung glutathione and cysteine 
.S^Tconcentrations. This characterization will include chromatographic analysis . . ; ■ 

. sulfur-containing compounds and spectropho tome trie analysis of these compounds. - 

... It- \ 

Previous reports have suggested that pretreatment with certain compounds ;«r 

•» give a measure of protection from subsequent oxidant challenge. For example, " ' 

C alpha-naphthylthiourea induces tolerance to high oxygen tension (8) . Sublethal ^v*'*^* 

doses of ozone protect an animal from challenging doses of ozone (9) . Consider- 

-^JLng the fact that cigarette smoke contains measurable amounts of over 2S0 ° 

*;Indifferent compounds, including a number that can be considered oxidants (10) , 

is possible that preexposure of animals to cigarette smoke can affect the . 

y v ;animal s subsequent susceptibility to oxidant stress. ‘ .... • 

>* \u . . • - - * *. -3 

- . . " •' .. *j§fj 

Ch° w Tappel have proposed an enzymatic mechanism for disposing of lipid ^ 

P erox ides generated by oxidants (11). There exists some data to support this 
.'^§/,inechanism (12,13). Cigarette smoke has been shown to alter certain enzyme /*-*lVv"' 
^Inactivities. Most notably studied has been benzpyrene hydroxylase (14-17). . 

Although there is considerable data that whereas the effects of whole cigarette 
‘‘V^smoke and volatile phase only (particulates removed) have been elucidated with 

regard to the ciliostatic effects of cigarette smoke and'with regards to the - * r 

V pulmonary alveolar macrophage antibacterial defense system of the lung, there ** ' : 

- has been little study of the differential effects of whole smoke as compared v 

to volatile phase on lung tissue biochemical responses to cigarette smoke. - m . 

* “■* . " P V, / ^ 

- . Our preliminary data shows a cigarette smoke-induced' augmentation of the * * t *Vr 

.-..-activity of glucose-6-phosphate dehydrogenase in lung tissue (see XII C) . This Q 

I'. 'y' suggests that cigarette smoke could potentially augment other enzymes related © ^ ;~ 

P en ^ose cycle and to antioxidant defense systems. In the current proposal CJ ,T- 

'‘/ we plan to study further this aspect of cigarette smoke effects on the luna and • CA 
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- # - 7 * * V* * * 

; Recent studies performed by a colleague of ours at U.C. Davis have shown 

-‘/that ozone exposiare increases lysosomal 1 enzyme activities (18). ’ Observations 
^Sj&L from ot h e r laboratories have indicated that cigarette smoke exposure increases 
"^4Vl^ sosoma1 ' enz y me activities in pulmonary macrophages (19) . Since increased 
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pathogenesis of pulmonary diseases (20) , especially in hereditary alpha^-antitrypsd 
deficiency (21,22) , it is important to establish whether there is any additive 
* effect of combined cigarette smoke exposure and ozone exposure on lung lysosomal 
enzyme activities. This project intends to study the interaction of cigarette 
smoke exposure and ozone exposure as seen in lung lysosomal enzyme systems. 

' 1 i\ ' , * *r 

%^4vN'*\One of the thrusts of the current proposal is to study the combined 
^^interacting effects of cigarette smoke exposure and ozone exposure on aspects 
^><v/of.lung pathophysiology. This is apparent from comments made above concerning 
combined effects of cigarette smoke and ozone exposure on lung antioxidant 
^defense systems and* on lung lysosomal enzyme systems. Two further examples 
-*£•-; can perhaps be mentioned here. 

lit is known that ozone exposure produces pulmonary edema, with the extent ’ x 
yg^of pulmonary edema determined by dose (23,24) . Cigarette smoking is not known 
induce pulmonary edema. However, exposure to cigarette smoke might inhibit 
potentiate ozone-induced pulmonary edema. This project intends to study 
ozone-induced putoonary edema and any effect that cigarette smoke might have 
./‘'on this edema. Of particular interest is the very low-grade edema associated 
. yV with relatively low doses of ozone. Since these relatively low doses of 
;/.r ozone are found in* the atmosphere of many major cities, it is of interest to 
^/.^examine the interacting effects of cigarette smoke exposure and low-dose ozone 
exposure on low-grade pulmonary edema. This edema can be sensitively measured 
* by the method of Alpert et al (25) , involving the measurement of lung 
accumulation of radioactively labelled protein. 

''/Vt* v * * * * 

*‘ y*'* * Finally, it has been shown that ozone exposure decreases pulmonary bacterial 

f clearance (26) . Furthermore, cigarette smoke exposure is known to decrease 
- pulmonary bacterial clearance (27). It is of interest to determine whether 
' there are any additive effects of cigarette smoke exposure and ozone exposure 
, on pulmonary bacterial clearance. 




':X& 

.r •JvL 


Methods and Procedure 

••• '■/ 

Subjects will be 30-day old male Sprague-Dawley rats which are free of 
r chronic respiratory diseases. In general, the 30 day old rats (or alternatively 
s*^60 day old rats) will be exposed to cigarette smoke for 5-10 week long periods 
; w t£1'after which they will be subsequently or concommitently exposed to room' air 
/“or oxidant pollutants. At the conclusion of a predetermined exposure period 
a variety of studies concerned with lung metabolism will be done. 


v -i v\.< PgZ r 

-- - 

■ ./*£* 

: jl 


A. Cigarette exposures . These will be carried out in a Walton Horizontal 
Cigarette Smoking Machine (or alternative model). Initial studies will be 
accomplished on the combined volatile and particulate phase of cigarette smoke 
whereas a second series of studies will involve biological assessment of the 
volatile phase only, the particulate phase being filtered out by the Cambridge 
Filter. Exposures will be for 4 times daily, 10 minutes each, for 5-10 weeks 
utilizing the IRI 1A3. alkaloid series reference cigarette under standardized 
conditions of flow, volume and temperature. - . 


groupings shown- in III B. Some of the groups will, subsequent to cigarette 

smoke exposure, receive exposure to oxidant pollutants. -*• ;£^** 

Ozone exposures . Ozone exposures will be carried out in specially 
designed' chambers at the U.C.D. Air Pollution Exposure Facility. Ozone is 
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generated' by passing oxygen thru an electric silent arc ozone generator (28) . 
f The ozone is conveyed to the chambers at a- flow of 100 liters per minute. 

\ The closed-system chambers have a volume of (27 cu ft). Air flow through the 
*>4chambers is such that there are 10 changes of air per minute. These chambers 
^.are equipped for any range of ozone exposure from 0-1 ppm to 10 ppm. The 
temperature is maintained at 75° and the relative humidity is maintained 
.i^'at 50% * - , . " ' 

- • - - "T.• 

4$m-r 


Antibacterial defenses. 


Pulmonary bacterial clearance will be 
measured according to the method described 1 in Goldstein et al» (29) . Briefly, 
this method consists of offering the animals an aerosol of radiolabeled micro- 
organisms. After a suitable incubation period, the animals are sacrificed 
fM.$"'and the lungs are homogenized. The homogenate is. assayed for the radiolabel* 

* which is a function of the number of bacterial cell bodies remaining in the 
^ilung 8 . The lung homogenate is also cultured for visible bacteria, to assess 

pulmonary bacterial clearance. These two determinations give an indication of 
7 ^-the number of organisms cleared from the lung per unit time, and also the 
*'4-. number of organisms, killed'per unit time. This method produces an assessment 
^ of the extent of pulmonary anti-bacterial defense mechanisms. 

*- D. Enzyme determinations . At the conclusion of the exposures rats will be 
"^J^^weighed, anesthetized with pentobarbital and decapitated. Each set of lungs 
^ 7 :^will be perfused with cold saline, and homogenized in isotonic sucrose- 

mannitol'-Tris buffer with a glass-Teflon homogenizer. The homogenate will be 
- filtered through cheesecloth and brought to 13 ml total volume by addition of 
jbuffer. The homogenate will then be apportioned for the. particular assays to 
^ be done. 




Glucose- 6 -phosphate dehydrogenase will be assayed according to the method^ 

: of Lohr and Waller (30)'. Glutathione reductase will be assayed according to 
/ ' 7the method of Horn (31) . Glutathione peroxidase will be measured according 
\ - to the method described by Little and' O’Brien' (32). Protein content will be 
■ measured by the Lowrey method (33) . In some experiments we will also 

determine overall comparative lung protein, RNA and DNA synthesis rates as 
*%*determined by standard* isotope incorporation rates. 

- ‘ \ — V 

l H «t “jk*** ' * 1 - ; , 

F <>ur specific proteolytic lysosomal enzymes will be studied. The peptidases 
^--W«cathepsin A, B, and C and the protease cathepsin D will be measured. The assay 
will be performed according to the method described' by Misaka and Tappel (34). 

. Three additional lysosomal enzymes will be studied. Lysozyme, acid phosphatase, 
and @-N-acetyl-glucosaminidase all appear to have relatively high specific 
activity in lung tissue (35) . Lysozyme will be measured by a standard microbial 
bioassay technique (36) . Acid phosphatase will be measured by the method of 
DeDuve et al (37) . (3-N-acetyl-glucosaminidase will be assayed according to the 
method* of Beck (38) . 
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** . £• Morphological correlations . It is possible that exposure to cigarette 

*. ' smoke would induce a hyperplasia of the bronchial lining membranes and an increase 

• in free macrophages in the regions of the terminal bronchioles and alveoli, 

. as has been described in rodents following exposure to*smog (39). As this -I ~ . 

'could influence the biochemical observations being made, and in order to interpret 

C j;the biochemical observations being made, it will be necessary to have morphological 
studies done in' conjunction with the above outlined studies. Representative 
.lungs from all the rat groups will thus be obtained for light microscopic ‘and 
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.-*> Yprs. Walter Tyler and Donald Dungworth of the U,C. Davis School of Veterinary 
Medicine* They are already doing extensive rat histological and E.M. studies 
as a' part of our combined ozone exposure effects on rodent lung studies (40,41) 
yS *. We plan to attempt to correlate these anatomical sections with the number of 
free macrophages obtained by lung lavage, with lung DNA and protein synthesis 
rates as determined by isotope incorporation techniques and with the enzyme 
‘^""measurements discussed in D above* 
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Prior Related' Work 

A. Publications Supported by tbe Council for Tobacco Research, U.S.A., 

..,1970-73 

C.E. Cross, B.C* Davis School of Medicine, Principal Investigator 

1* Mustafa,. M.G., and Cross, C.B.: Localization of Na+-Rh, 

Mg-H* ATPase in alveolar macrophage subcellular fractions* 

. Life Sci., 2: 947-54, 1970. 

2. Mustafa, M.G., Cross, C„E., Tyler, W.S., and Duffy, M.J.: 
Interference of cadmium* ion with oxidative metabolism of 

. , alveolar macrophages. Arch. Int. Med. 127 r 1069-77, 1971. 

3. Brunstetter, M.A., Hardie, J.A., Schiff, R., Lewis, J.P., and 
Cross, C.E.: The origin of pulmonary alveolar macrophages. 
Arch. Int. Med. 127: 1064-68, 1971. 

4. Cross,, C.E., Mustafa, MuG., Peterson, P. , and Hardie, J.A. : 

- * Pulmonary alveolar macrophage: Membrane associated Na+, K+, 
Mg-H—Adenosine triphosphatase system* Arch. Int. Med. 127 : 
1069-77, 1971. 



5. Mustafa, M.G., Peterson, P.A., Munn, R.J., and Cross, C.E.: , 

Effects of Cd++ on metabolism of lung cells. Proceedings of 
the Second International Clear Air Congress, Edited by H.M. 
Englund and W.T. Berry, Academic Press, N.Y., p. 143-151, 1971. 
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Cross, C.E., Ibrahim, A.B. Ahmed, M., and Mustafa, M.G.: 
Effects of Cd-H 1 on respiration and ATPase activity of the 
pulmonary alveolar macrophage: A model for the study of 
environmental interference with pulmonary cell function. 
Environ. Res. 3 _: 512-20, 1970. ; * 

Mustafa, M.G. , Cross, C.E., Munn, R.J. , and Hardie, J.A. : 
Effects of divalent metal ions on alveolar macrophage membrane 
adenosine triphosphatase activity. J. Lab. Clin. Med. 76 : 
563-71, 1971. 


8. Cross, C.E., Le, C.T. , and Mustafa, M.G.: Effects of ozone 
on some pulmonary alveolar macrophage (PAM) biochemical 
reactions. Clin. Res. 19:147, 1971 (abstract). 
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9. 


10 . 


Mustafa, M.G., Cronin, S.R., Duvall, T.R., and Cross, C.E.: 
Ozone effect on activities of lung cellular membrane enzymes. 
Clin. Res. .20: 197, 1972 (abstract). 

DeLucia, A.J., Hoque, P.M., Gross, C.E., and'Mustafa, M.G,: 
Sulfhydryl content of rodent lungs under oxidant stress. 

Clin. Res. 20: 240, 1972. . ‘ .*’.. 
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11. DeLucia, A.J., Hoque, P.M., Mustafa, M.G., and Cross, C.E.: 
Ozone interaction with rodent lung: Effect on sulfhydryl's 
and sulfhydryl-containing enzyme activities. J. Lab. Clin. 
Med. 80: 559<-66„ 1972. 


12 . 


/13. 
S 14. 


DeLucia, A.J., Mustafa, M.G., and Cross, C.E.: Glutathione 
and sulfhydryl-containing enzyme activities in lung, under 
ozone stress. Clin. Res. 2JL: 223, 1973 (abstract). 

York, G.K., Arth, C., Stumbo, J.A. , Cross, C.E., and Mustafa, M.G.: 
Effect of cigarette smoke and* tobacco extract on lung macrophage 
function. Arch. Environ. Health, in press, 1973. 

Mustafa, M.G*, DeLucia, A.J., York, G.K., Arth, C., and Cross, C.E.: 
Ozone interaction with rodent lung: Effects on oxygen consumption 
of mitochondria. J. Lab. Clin. Med., in press, 1973. 

Mustafa, M.G., DeLucia, A.J., Cross, C.E., York, G.K., and 
Dungworth, D.C.: Effect of ozone exposure on lung mitochondrial 
oxidative metabolism. Chest, in press, 1974. 


16. York, G.K., Cross, C.E., Mustafa, M.G., and Bodai, B.I.: Lung 
glucose-6-phosphate dehydrogenase stimulation by cigarette 
smoke. Effects of short-term ozone exposure. Submitted for 

. publication, 1973. 

17. Mustafa, M.G., and Cross, C.E.: Effects of short-term ozone 
exposure on lung mitochondrial oxidiative and energy metabolism. 

- . Submitted for publication, 1973. 


18. 





Mustafa, M.G., and Cross, C.E.: Lung cell mitochondria: 
oxidation of glycerol-1-phosphate but slow oxidation of 
3-hydroxybutyrate. Submitted for publication, 1973. 
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Preliminary Protocol January-June 1973,.. .A study of Cigarette smoke effects 
on* selected aspects of lung metabolism. 

. . i) Aim : To accomplish a preliminary study of the effects of cigarette smoke 

*V./ and cigarette smoke plus oxidants on selected aspects of lung metabolism^ 

O* '* ii) Introduction : It has been shown experimentally that chronic cigarette 
■Vf;smoking influences lung biochemistry both in vivo and in vitro (42-48). It has 
v>.»- also been shown that oxidant pollutants interact with a number of important 

lung biochemical reactions (49-51) including lung antibacterial defense systems 
‘ (52). This protocol is intended to gather preliminary data on the effects of 

" ‘ ! cigarette smoking and on the effects of cigarette smoking plus oxidant pollutant 
v . exposure on a number of lung enzyme systems known to be influenced by both 
'"'.high dose short-term* and low dose long-term exposures to ozone. Since certain 
/V!constituents of cigarette smoking represent oxidants (53) and since both 
^Cigarette smokingi (43,44) and oxidant pollutants (51) are known to induce 

^certain lung enzymes, this would 1 seeim a priori a reasonable hypothesis to test. 
One interesting question is whether cigarette smoke is capable of inducing 
"enzymes which are proposed’ to be responsible for oxidant protection, i.e. 
t glutathione reductase, glutathione peroxidase, and glucose- 6 -phosphate 
dehydrogenase (51). 

: 7,\/ ' 

Another interesting question relates to the combined effects of cigarette 
' smoke and oxidants on the "redox state” of lungi tissue. Parameters suggested 
for study include lung glutathione levels and ratios of reduced* to oxidized 
reactive lung thiol groups/ Of course, it will be necessary to make 
concomitant histological observations in* order to interpret the biochemical 
data being generated, 

, ;■ V/_, iii) Methods : 




' \ “*• / a. Cigarette smoke exposures 


.Thirty two male Sprague-Dawley CRD-free rats, aged 30 days, are 
the subjects of the experiment. These rats are to be weighed and divided into 
' /four groups of eight rats, as follows: 


v • V 






Group 


Exposure Conditions 



A 


sham*cigarette exposure, sham 
G 3 exposure (control group) 



. 4 , 

, ' - 

-."Vi 


, -7 1$ 



C . . ... 

V v* *- ' * - * 

^ — 1 

t \ ■ ' ’ ' ■.* v , 

V** ' r ' • * 


sham cigarette exposure O 3 
3.0 ppm* x 4 hr. 

cigarette exposure 4/day x 35 
days, sham O 3 exposure 

cigarette exposure 4/day x 35 
days, 03 3.0 ppm x 4 hr. 


GJ 

■8 




4u* ;>v* - 
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' ' Half of the rats are to be exposed to cigarette smoke 4 times per day for 

C 35 consecutive days. Each exposure consists of 9 puffs of a 85 mm non-filtered* 
American cigarette. Reference IRI 1A3 cigarettes are to be used in the future. 
Each puff consists of 30 ml of smoke in a 378 ml chamber (i.e. 1:12 dilution). 
v;; ; " A Walton Horizontal Cigarette Exposure Machine is to be used' for the exposures, 
’ic The sham-exposed rats are to be placed in the chambers and given 9 puffs of 
\ v,‘ air in a ten-minute period four times dUily. 

'* • b.* Ozone exposures 

After 35 consecutive days of smoke exposure, two groups (B and 
' D) of the rats will be subjected to 3.0 ppm O 3 for four hours. Ozone is to be 
delivered under standard conditions of flow and! temperature at the Air Pollution 
Exposure Laboratory at U.C.,Davis. 

-as?* 4 '--’ 




c. Experimental 



1. '-,rr 


Immediately after the ozone exposure, the rats are weighed, anesthetized 



'with pentobarbital and decapitated. Blood is collected for complete blood counts. 
* 'r Lungs are to be perfused with cold saline and homogenized in isotonic sucrose- 
manni’tol-Tris buffer with a glass-Teflon homogenizer. The homogenate is to be 
•*- *■ 5 ":"filtered' through cheesecloth and brought to 16 ml total volume by addition of 
"isotonic sucrose-mannitol^Tris buffer. 

The following determinations will be made on the obtained lung tissue: 


. 

‘-'7* *ts> 




■> 


Homogenate Assays 

Reduced glutathione 
Oxidized glutathione 
Mitochondrial respiration 
Total sul'fhydryls 
Non-protein’ sulfhydlryls 
Oxidized non-protein sulfhydryls 
BNA determination 
Protein determination 


Mitochondrial Assays 


d. 


NADH' - cytochrome c reductase 
Succinate-cytochrome c reductase 

Microsomal Assay 

NADPH - cytochrome c reductase 

Cytosol Assays 

glucose-6-phosphate dehydrogenase 
Critique of initial protocol 


O 

9 

CJ 

ci 

CJ 
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. r 1 


. ■ . * . 

Several factors of interest were not evaluated in this preliminary ‘ •*' 
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particular interest would have been an estimation of the number of type II 

* cells and/or alveolar macrophages in both* the control and the cigarette exposure 
groups. Third, an* increased number of blood assays could have been performed, 

• including evaluation of hematopoiesis. Fourth, the anti-oxidlant enzyme systems 
: 'of glutathione redbctase - glutathione peroxidase were not evaluated in the 

- preliminary experiment. Fifth, no determination was made of lung lysosomal 
.enzyme systems, both total and compartmentalized, in the preliminary protocol. 

" All of these defects will be remedied in future protocols. 
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iv) Results of first preliminary protocol 1 

a. Meaning of groups 

* .. , . . \ 

A = sham ozone exposure; sham cigarette exposure (control) 
B « ozone-exposed; sham cigarette exposure 
C = sham ozone exposure; cigarette exposed 


v t v* 


D * ozone exposed and cigarette exposed 
b. G-6-PD ' - 


In the G-6-PD assay, there was a* significant difference between 
. ; smokers and non-smokers (see Fig. 1). Group B was insignificantly elevated 
- over Group A, but Group C was elevated 54% of control, and' Group D was 32% of 

C control. There is also a drop of 22% between Group C and Group D, suggesting 

the influence of ozone superimposed on the cigarette smoke effect on this enzyme. 

* - c. Non-protein sulfhydryl's 

/ \ In figure 2, we see the results of reduced and oxidized non-protein 

- * SH determinations. There is 'a 12% drop in total NPSH (i.e. reduced NPSH) between 
Group A and Group B. There is an even further drop of 21% in non-reduced NPSH 
ly.-from Group A to Group B. * This is an expected drop since the ozonized Group B 
V'* would be expected to lose some NPSH to higher oxidation status. 

*• Si 4, r „ , , y 

There is only a very slight drop between Group A and Group Cy this could 
signify that chronic exposure to cigarette smoke does not appreciably reduce 
" . • NPSH levels. 

There is a 9% drop in reduced NPSH between Group D and Group A, and a 5% 
dtop between Group D and 1 Group C. There is a 7% rise in non-reduced NPSH 
between Group C and D. 

d. Glutathione 






; 

-<-VM 

'*1 

- - 


• ' The ratio of GSH/GSSG dropped 4'4% from Group A to Group B (see fig. 

3) . This represents a significant relative oxidation of glutathione after 
oxidation by ozone. This is an expected result of ozone exposure. There was 
.’a 30% rise in- GSH/GSSG between Group A and Group C representing relative • ^ 

reduction by cigarette smoke. This was not expected, but it may help to . • - - 
explain certain other features of this experiment. There was little difference 
in GSH/GSSG between Group A and Group D; this perhaps signifies that there is V; 
oxidation by ozone, but that the extent of oxidation is less between A and B 
'“"•than between C and D. ‘ * : . «... ;« 
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V , There was a 43% drop in* GSH between Group A and Group B (see Fig. 4). This 
; .was expected. What was not expected was a 21% drop in GSH between Group A and: 

, Group C, and no drop at all between Group C and Group D. This perhaps means 
V~that there is some other NPSH' which is responsible for the slight drop in NPSH 

between C and D. 

* *- 

White cell count 

, x * There was no significant difference in white cell count between 

Group A, Group B, and Group C, although there was some drop between A and: B. 
There was a significant drop between Gtoup A and Group D. 




f. Other assays 


. The other assays done (i.e. reductases and respiration) yielded 

insignificant data. Platelet counts and hematocrits showed no difference 
between control and experimental groups. 


,s >** 
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,<v' v) Methods, second preliminary protocol 

Exposure conditions will be identical to the first protocol. We will 
eliminate platelet counts and perhaps the reductase assays. We will add macro¬ 
phage counts, alveolar lavage albumin assay, and GSH reductase - GSH peroxidase 
assay. 


„ • v - . 
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STIMULATION OF LUNG GLUCOSE- 6 -PHOSPHATE DEHYDROGENASE ACTIVITY BY CIGARETTE SMOKE. 

1 

. . * EFFECTS OF SHORT-TERM OZONE EXPOSURE ' .SmSH 


• jo*'*' Recently three groups of investigators have demonstrated significant 

;V\'_ 

- * 7 * ** 

increases in glucose- 6 -phosphate dehydrogenase tG- 6 -PD) activities in lung 

. . 2“5 

.‘v ^/ tissue following oxidant exposure * The significance of the augmented 

«•’ ^ - * 

1'»'* G- 6 -PD activity most probably relates to increased hexose monophosphate shunt 




> mt*. 


activity required by reparative processes in the lung, e.g. , increased 


nucleotide production (for nucleic acid synthesis) and' increased NA 0 PH 

" r V * 6 R 

/*" production (required for a number of oxido-reductive biosyntheses) , 

• — However, the augmented g-6 -PD activity might also speculatively relate to 
. ;-/>"•* an increased supply of NADPH available for the reduction of oxidized 
glutathione (GSSG) , a mechanism operative in red cells and which may 
.presumably relate to lung protective anti-oxidhnt defense capabilities^ 





i 




• SfcfcSfc 


^ • Cigarette smoke exposure has been reported to modify a number of 

.-lung eneyme activities, including those related to alveolar macrophage 

12 1 ^ 

** function and to lung metabolism . This report describes the 

. effects of cigarette smoke exposure on lung G- 6 -PD activity. Since both 

'll. exposure to cigarette smoke and to air pollutant have been associated with 

*■ 

k 1 ’ R - ** 

-;. / .^bronchopulmonary diseases, including an increased susceptibility to 
, T /respiratory infections* the effects of a superimposed acute O 3 


exposure were also determined. 

Forty 30-day-old Sprague-Dawley rats (originally specific pathogen 
free) were divided into four groups. Ten rats served as control and ^ 

received 35 days of sham cigarette smoke exposure plus 4 hours of sham 
O 3 exposure; ten> received 35 days of sham cigarette smoke exposure followed C] * 
by 4 hours of exposure to 3 ppm 03 ; ten received 35 days of cigarette ■. v* V 


smoke exposure followed by sham O 3 exposure; and ten' received 35 days *' 
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smoke for 5 weeks showed a 28% increase relative to untreated control rats* 
In cigarette smoking rats subsequently exposed to ozone there was 7% 
increase over control rats but a decrease of 20% compared to the cigarette 
smoking group not exposed to ozone. Rats exposed to cigarette smoke and 
subsequently exposed to ozone showed a 21% increase over rats exposed to 
ozone only* : : ■ 




Xung G-6r£D activity .has been the object of study by a number of 

investigators concerned with the in jury-reparative processes in the lung, 

7 5 

including that due to high tensions of oxygen , short-term ozone exposure , 

34 21 

long-term ozone exposure ' and silica dust inhalation • Although G-6-PD 
activity represents only one enzymatic step in the hexose monophosphate 
shunt, it occupies a key position in overall glucose metabolism in the 






/ lung and has been used* to estimate the activity of the hexose monophosphate 
22 23 

pathway 9 . The observation that chronic cigarette smoking, stimulates 

lung G-6-PD activity suggests that cigarette smoking augments overall 
% activity of the hexose monophosphate shunt in lung tissue. The observation 


-** k-v 


; v that short-term, high level exposures to ozone inhibits lung G-6-PD 


activity verifies previous data indicating that this oxidant inhalant 
under these conditions rather non-descriminantly decreases the activity 

5 24 . 5 ’ .... r* , 

of a number of lung enzyme systems 9 

The present studies do not allow further conclusions to be drawn 


Concerning, the mechanisms involved in the cigarette smoking induced : * ' 

increases in G-6-PD* activity. It is possible that processes such as © 

cellular hyperplasia, cellular proliferation or increased cell renewal . 

could account for the augmented activity** 8 * In addition, the question ££ \V: 

arises as to which cells in the lung are primarily affected by the smoke QB 


exposure. In this context it is particularly interesting that cigarette 

... ‘ ' r ' i * v t >- k 

SITtOk’ 11timr i r»»\TrK rt v* r\ -f- ___ mV. ^ V<^ mm * ~ * r 
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active peiwO'oe shunt metabolism * In addition/ it is an attractive 
assumption* that the augmented shunt activity/ by producing NADPII, might 
be involved in determining lung susceptibility to oxidant stress much as 

red cell G- 6 -PD activity and related HADPH generation help to determine red 

/ — 28 
' cell antioxidant defense capabilities . This assumption will require 

* jV*' *• * 

• vv/y * further validation by determination of the activities of related anti- 

.*/ v v 

, wi* rl’ 

‘ ''••V'V. oxidant enzyme systems in the lung such as glutathione, glutathione 




’ '.‘.Vit 

■ 


_ *■ -- - 


reductase and glutathione peroxidase* 


-i,. . ■ ' _ 

V The composition of cigarette smoke is complex. Biological and! biochemical 

- - 

,* f<»*7 j’ •'v ' * - . * 

? y. 

\v'; v testing of whole cigarette smoke should be conducted with this limitation 
. in mind. The merit of the present biochemical assayof a parenchymal lung 
L ' ‘ tissue response to whole cigarette smoke suggests that future studies with 



•: ;*. 1/ 


simpler extracts of cigarette smoke, such as with the particulate phase 


* .NU-V * 


- removed, would be a worthwhile undertaking* _ . 

'I**** • - • • .* ■ »■ t / 

^ * „JIn summary, the .results demonstrate that experimental cigarette smoking 

• - in* rodents for 35 days increases lung G- 6 -PD activity. Short-term exposures * 

- . to high levels of ozone (3 ppm, 4 hrs.) decreases lung G-S^-PD activity whereas 




r* a 
* r*; V f 


^, 7 -V: combined cigarette smoke and short-term high level exposures give an inter- 

• .... - . 3 

• me 3i a "te effect. The neutralization of opposing effects of ozone and cigarette 

_'.r T '**** * - 

- * exposure, so that rodents exposed to both agents show little difference from 

. - -'-. ‘.A > - r 4 . . . 

i . control animals, suggests that there may be a* diminished susceptibility of 
^the smokers to oxidant exposure. The importance of this lung enzymatic 

effect with respect to overall lung function of the smoker is unknown. 

• . * 29 
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IV. Significance 

Although the effects of cigarette smoking* on the population at large have 
been well documented (54), there is a paucity of information concerning possible 
mechanisms of cigarette smoke damage on the lung. This is especially true 
-regarding interacting effects of cigarette smoke and* lung antioxidhnt defense 
systems such as lung NADPH, glutathione and glutathione peroxidase systems 
and on the important potential interacting effects with lung lysosomal enzyme 
systems including those of the pulmonary alveolar macrophages. There is 
virtually no data concerning in vivo biological assessments of the contribution 
of vapor plus particulate phase components of cigarette smoke on aspects of 
lung metabolism vs effects of vapor phase only. Likewise, although there have 
been a number of studies suggesting important interactions between cigarette 
, smoking and air pollution exposure, there is; little firm data available that 
would scientifically establish whether or not these two agents would behave 
+ ■ synergistically insofar as their effects on lung parenchymal biochemical 

response are concerned or insofar as lung antimicrobial responses are concerned. 
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53. Stedman, R.L.: The chemical composition of tobacco and 1 tobacco 

* smoke. Chemical-Rev. 68: 153-207, 1968. 

54. Smoking and Health: Report of the Advisory Committee to the 
Surgeon General of the Public Health Service, Princeton, C. Van 
Nos trand 
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-- " 10. Space and facilities available (when elsewhere lhan item 2 indicates, stoifc location)* 

" . The investigators have at their disposal four laboratory areas: i) the 500 

C square foot Pulmonary Disease Research Laboratory at the U.C. Davis School of 
Medicine. This laboratory is equipped to perform cigarette exposures and 
^.biochemical assays, ii) The 4D0 square foot Infectious Disease Research 1 
' ' ' Laboratory at the UtC.D. School of Medicine. This laboratory is equipped to 

* assess pulmonary antibacterial defense function* iii) Three adjacent 250 • 

square foot laboratories at the UlC. Primate Research Center. These laboratories 
\ are equipped to perform tissue preparation, ultracentrifugation, and biochemical 
’ assays, iv) The 4,000 square foot Air Pollution Exposure Facility at the 
tJ.C. Davis Pritnate Research Center. This facility is equipped for all aspects 
, of exposure of laboratory animals to air pollution. 

* 


' ’-ft ‘JvKnC 

: ■?;&’: * ’ 

* '•*> *' 

» ( _ ". 11. Additional facilities required; 

) ( Should the proposed studies be approved by the Council it would be most 

! /.. desirable if we could obtain an additional Cigarette Smoke Exposure Apparatus 

for our animal exposures. This would be our highest priority. While the 
• Walton Chamber is satisfactory, it is far from ideal. We would like to obtain, 

ie a minimum, one of the modified revised Walton Chambers and most ideally 
we would* like to obtain a chamber that would allow for more simultaneous 
^ exposures than can be presently accomplished (6 rats at a time). 

There are no other major space or equipment needs to accomplish the proposed 
r - * studies. The budget equipment items mentioned are all relatively minor. 

^ . A table top centrifuge is requested 1 to facilitate tissue processing. The 

-♦ '■* present Walton apparatus requires certain'modifications that are estimated 
. . • cost $2,000. Lastly, certain nebulizer modifications are required for 

, : assessment of the rat antibacterial defense capabilities. 


i ■ H' ,* v ‘ 


. c 


12. Bmgraphical sketches of investigator(s) ond other,professional personnel'(append). 

see attached c.v.s 

13. Publications: (five most recent and pertinent of investigator!*), append*Hit, and provide reprints if available). 


-5$3M 


see attached 
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14. First year budget; 

;~A*.Salaries (give names or state "to be recruited") 

,.1*7-.:/ Professional (give % time of mvesligator(s) 

y -~ even if no salary requested) , 

Carroll E. Cross, M.D. 

Elliot Goldstein, M,D. 

Mohammed G. Mustafa, Ph*D. " 

Chingi K. Chow, Ph. D. 

George K. York, Ph.D; candidate in Path, 
Ph.D. candidate in Microbiology 
4 work-study students to work as 
cigarette exposure machine tech. 

Technical 
None 


V * r 


J&Z.+ ' 


% time 

Amount 


10 


' 

5 '*" 



40 

80 

100 

1 


25 

I 


20 

& 



'* In. keeping with University of California academic staff policy, 50% of 
research time is listed as salary 

>'* '" 

**^Work-study program students are supported by $3 in Federal grants for 
each $1 in research funds. 


* v f ^ -“.iv r . 

Sub-Total for A 

REDACTED __ 

Consumable supplies (by major categories) 

* 

... . - * > 

^ Biochemicals 


$ 1,500 

m \ Radiophosphorus and 1 radioiodine 


1,000 

*Histochemical supplies 


- 500 

Microbiological supplies 


1,000 

Standard reference cigarettes @$10/1000- 

200 

S . - , 

Sub-Total for B 

$ 4,200 

* .* ”‘ -1 1 w *• 

, ■ c Other expenses (itemize) 



'•k 1 1,000 rats @$5 


$ 5,000 

Medical illustration and xerox 


500 ' ‘ 

Travel (2 meetings/year) 


500 

* * 

Sub-Total) for C 

$ 6,000 


Running To»al of A + B d- C 

, $3S,.35Q_ 

D. Permanent equipment (itemize) 



- • • Table top centrifuge 

- 

1,000 

Cigarette Chamber Modifications 

& additions 

2,000 

_ *' Nebulizer equipment (hand made, 

specially constructed 


*: " for bacterial aerosol exposures) 

> - * -•* “ • 

1,000 

. - ;r ./* i..' - . - 

Sub-Total for D 

$ 4,000 


E 

5,300 

A E. Indirect costs (15% of A+B+C) 



y 

Total request 

$44,650 

15. Estimated future requirements: 





Salaries 

Consumable Suppl. 

Other Expenses 

Permanent Eqpip. 

Indirect* Costs 

Total 

YJ7 REDACTED 

4 ,000 

6,000 

2,000 

5,400 

43,400 

Year 3 

3,000 

3 .000 

l.QPQ_ 

3.000 

_2-4..1-SQQ_ 


L 

r 


Source: https://www.industrydocuments.ucsf.edu/docs/yhplOOOO 





R: REDACTED MATERIAL 






*r \ . 


/ B S *. > 


Title of Project 


Pollutants 


5. 

\ 


-t- 

sources, including own institution, for, th 

is and related 

CURRENTLY ACTIVE 


Source 

(give grant numbers) 

7.S. Public Health Service 
(ES AP 00628-01) 

Amount 

$10,000* 

1 

-eject Grant for $310,566. 

Pollution 


Hay 31, 1975 


animal costs are covered by the Core support. My personal share is approximately 
$10,000/yr. 

PENDING OR PUNNED 


Title of Project 


Source 

(give grant numbers) 


Proposed Studies of th* California Air Resources $40,300 October 1, 1973 - 
Effects of Oxidant Board September 30, 1975 

Pollutants on Red i 

Blood Cells and' Lung 

Cells i 


It is understood that the investigator and institutional 
officers in applying i for a gram have reod ond accept 
* J the Council's "Statement of Policy Containing Conditions 
and Terms Under Which Project Grants Are Made 1 " 


Chr * payable io 


Mailing address for check* 


Principal Investigator 

Typed Name _ Carroll^.__ Cross , .K»P._ 


Tftfephor 


A rmm C*d* Nwmbvr 

t>f» rvt,OA 

Responsible officer of institution 


TvDed Name 


Tilfe 

Signature ... . ... ... .. 

Date 


Ttlophone _ 


Afro Co<4« Mwmb«r fjiUnnsit 


o’, , " "**< ' ,yT \ r 

. / * -«x 

^ * * it ^0 

* - ; .Uyi\ •- . 

r i ", * ^ — ■ L 


- . r *• 
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July 1, 1973 


CURRICULUM VITAE 


Carroll Edward Cross, M.D. 

// ADDRESS Pultaonary Disease Research Laboratory 

Department of Internal Medicine 
School of Medicine 


School of Medicine 

’ .- .. . ;. *V>,• University of California 

-fo'l-v Davis, California 95616 

/-'*-,* -’;-5r '.'‘.a’- - **-♦ 

“ - , -Lvv■* ♦ rvi"-* _ 

Th*" DA of ,/• REDACTED 


MARITAL STATUS 


REDACTED 

REDACTED 


^wr=sv*> 






R ^CUMV/ i 

_ 

ST* L*University of Washington, School of Medicine, 

, ... Columbia University, College of Physicians and 1 Surgeons - 

V . ' REDACTED 


- -f 

• 

'. -“ 

REDACTED ■'!# 

_ _ 




U.S. Ariny National Guard, REDACTED 


BOARD STATUS 


Diplonnte: American Board of Internal Medicine (1969) 
t Passedz Subr.pccialty Boards in Chest Medicine (1971) 


POSITIONS (MEDICAL) 


MU 


1961 - 1962 


1962 - 1964 


Intern, Mixed Medical, University of Wisconsin Hospital 
Center, Madison, Wisconsin _ 


Residency, Internal Medicine, Stanford University,, School 
of Medicine, Palo Alto, California 


flSSjlf 

. - *»» A 
,■ ji 

. - V ‘3SS[ .f 


1964 - 1967 


1967 - 1968 


Fellowship in Pulnonmv Diseases, University of Pittsburgh ^ 

School of Medicine, Pittsburgh, Pennsylvania . >5 

' ' 1 

Instructor of Medicine, University of Pittsburgh School 1 of ^ 

Medicine, Pittsburgh* Fenr.sy ] vania . “ -’J 

v ' * . -sf 


19G8 - 1973 

• *•,*■>* , » *a 




Assistant Professor of Medicine, University of California ' 
at Davis, School of Medicine, Davis, California 

> —• -, * ^ -r- 

Arc' M II_ TNI , 1 .. . » ... _ r A .^*- 


.^?& 1 T 969 >^ 3 Assistant Professor of Huean Physiology/Universj 

_; c- - . California at Davis, School of Medicine, Davis, ^California _ i; 

-vSGfLii^Srt ' Tv ~i. • * *v* *!'- * 

-* Associate Professor of Human Physiology and_ Medicine 


TTTv-ff -v „ 


1D73 - present __ ^Associate_rrofcssor of Human Physiology and"Medicine; 
^University California at Davis, 
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1. 


2 . 

3. 


4. 


5. 

6 . 


7. 


PUBLICATIONS 


Robin, E.D., Chross, G,E., Kroetz, F„, Totten, R.S., and Bron, K.: 

Pulmonary hypertension and unilateral pleural constriction' with 
speculation on pulmonary vasoconstrictive substance. Arch . Int . Med. , 

118 : 391-400, 1966. \ 

Robin, E.D. and Cross, C.E.: Lung transplant - past, present and 
future. Ann . Int . Med ., 65 : 1138-1147, 1966. 

Robin, E.D., Cross, C*E., Milieu, J*E. r and Murdauch, Humoral rv 

agent from hypoxic calf lung producing pulmonary arterial vasoconstrictiorw 
Science, 156: 827-830, 1967 ^ 



Cross, C.E., Packer, B., Altman, M,., Gee, Muxdaugh, H*.V., and 

Robin, E.D*: The determination of total body exchangeable 0^ stores. 

JL"». 0/09 O/IA 1rt4P ^ 

1 > 


*1* Clin. Invest., 47: 2402-2410, 1968. 



Murdaugh, H.V., Cross,, C.E., Millen, J.E., Gee, and Robin, E.D.: 

Dissociation of bradycardia and arterial constriction during diving in 
the seal, Phoca Vitulina. Science , 162 : 364-365, 1968. 

Cross, C.E*, Packer, B.S., I^inta, J!.K., Kurdaugh, H.V., and Robin, E.B.; 
H + buffering and excretion in response to acute hypercapnia in the 
dogfish, Squalus Acanthus. Am . J L Physiol ., 216: 440-452, 1969. 


m 

—* 


'r+-f C 


Packer, B.S., Altman, M., Cress, C.E. , Murd&ugh, H.V., Linta, J.U., and 
Robin, E.D.: Adaptations to diving in the harbor seal: stores and 

supply. An. 2L Ph ysiol ., 217 : 903-906, 1969. 


8. Robin, E.D., Bromberg, P.A., and Cross, C.E.: The evolution of verte- ^ 

brate acid-base balance., Yale J. of Biol ., and Hed ., 41 : 44S-467, 1969. 

9. * Mustafa, M.D., A.B* Ibrahim, G.T. Le and C.E. Cross: Pulmonary alveolar 
*' •' macrophage: Demonstration of Na“h-K'*‘. Mg^ ATPase activity. Life 

Sciences , 8z 1343-1351, 1969. * ‘ ;.r 

10. Cross, G.E., Shaker, J., Wilson, R., and Robin, E.D.: Mitral stenosis 

and pulmonary fibrosis with special Reference to lung lymphatic function. 

Arch . Int . Med ., 125 : 243-254, 1970. 


11. Schiff, R., K.A. Brunstel*ter, R.L. Hunter, and C.E* Cross: Electro¬ 

phoretic separation of esterases of pulmonary alveolar cells., JL. 

Histoche r.;, and Cylochen., 18: 167-177, 1970. 


12 . 


Mustafa, M.G., Cross, C.E., and Hardie, J.A.: Localization of Na - K 


Mg 1 ATPase in alveolar macrophage subcellular fractions. 
9j 947-954, 1970. 


Life Sci. 




1003539503 ' 
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. Cross, C.E., Ibrahim, A.B. , Ahmed, M., and Mustafa,, M.G.: Effects of 
Cci"^ on respiration and ATFase activity of tine pulmonary alveolar 
macrophage: A model for the study of environmental' interference with 
pulmonary cell function. Environ . Ties., 3: 512-520, 1970. 

14* Mason, D.T., Spann, J.F., Zelis, R., Amsterdam, E.A., Cross, C.E., 
BorhanI, N.O'. Hurley, E.J. and Ibcn A..: Progress in the treatment 
; ~ of heart disease. Editorial. Calif . Med . 112: 72-75, 1970, 

15. Meyer, D.H., Cross, C.E., Ibrahim, A.B., and Mustafa, M.G.: Nicotine 
effects on alveolar macrophage respiration and adenosine triphosphatase 
activity. Arch . Environ , Health , 22: 362-365, 1971^ 

16. Mustafa, M.G., Cross, C.E., Kunn, R.J., and Hardie, J.A.: Effects of 
divalent metal ions on alveolar macrophage membrane adenosine tri¬ 
phosphatase activity. J. Lab. Clin. >Ied., 76: 563-565, 1971. 

* r\ “ 1 • “ . 

17. Brunstetter, M.A., Hardie, J.A., Schiff, It., Lewis, J.P., and Cross, C.E 
Pulmonary alveolar macrophage: Studies or origin of stem cell using the 
ES-2 marker of mice. Arch . Int. ’ Hed * > 127: 1064-1068, 1971. 

.18. Mustafa, M.G., Cross,-C.E., Tyler, W.S.,‘ and Duffy, M.J.: Interference 
of cadmium ion with oxidative metabolism of alveolar macrophages. 

Arch . Int. Med., 127: 1069-1077, 19711. 


; 

* *' f 1? 

- . 

' W'A 

-.vSKOTf 

■■ 



■mrs 

?Tryz »*,;• 


19. Cross,, C.E., Mustafa, K.G., Peterson, F., and Hardie, Jt.A.r Pulmonary 
alveolar macrophage: Membrane associated Na + , 1C + , Mg^-Adenosine 
triphosphatase system. Arc h. Int . Med . 127: 1069-3077, 1971. 


‘i’ 


20 . 


21 . 


22 . 


23. 


Le, G., Cross, C.E., Spann, J.F., Mason, D.T. and Zelis, R: The 
extra renal effects of ethacrynic acid on ouabain-induced tachyarrhythmias. 
J*. Chen . Path, and Pharn,, 2: 343-346, 1971. 


Eisele, J.II., Cross, C.E., Rausch, D.C., Kuarpershoek, C.J. and 
Zelis, R.F.: Abnormal respiratory control in acquired dysautonoraia. 

Kew Eng. J. Med., 265: 366-368, 1971. * 

Robin, E.D., Murdaugh, II. V., Cross, C.E., Smith, J., and Theodore, J.: 
Cation transport and energy metabolism in the high Na*, low k 
erythrocyte of the harbor seal, Phoca Vitulina'. Comp . Biochcm 
Physiol ., 39A: 807-821, 1971. 

Mustafa, M.G. and Cross, C.E.: The pulmonary alveolar macrophage: 
Oxidative metabolism of isolated cells ‘and mitochondria and effect 
of cadmium ion on electron and' energy transfer reactions. Biochemistry , 
10: 4176-4185, IS71. 


§ 

w 

cn 

w 

cs 

cn 






24. 


25. 




‘-£v- 


Mustafa, M.G., Peterson, P.A., Munn,, R.J. and Cross, C.E.: Effects of 
CcV*“*“ on metabolism of lung cells- Proceedings of the Second Inter- 


PL? fi Clea n Ajar Congre ss, Edited by II. K. 
AcodoVic Press, N.Y., p. 143-151, 1971. 


Englund and W.T. Berry, 


‘ v •' iX -*<.' 


ftuslafa, M.C.> Lc, C.T., Harris, N.E- and Cr'oss, C.E.: Effects of • • 
proteases and lipases on membrane associated biochemical reactions of 
Alveolar macrophage and lung tissue. In Pulmonary Emphysema and 
Proteolysis, C-Kit. - * ’ * ** .. .* **•- 


• Jc»* _ 
«L H t ; * 
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26* Sell* if# R., Lewis, J.P., and Cross, C.E.: Esterase markers in 
mo;s radiation chimeras. J. Histochcn. Cytochem. 20: 472-473, 

1972* 

27. Theodore, J., Robin, E.D., Murdaitgh, H.V. and Cross, C.E.: 

Cation transport and energy metabolism in the nucleated erythrocyte 
• % of the dbgfish shark squalus acanthias. Comp. Biochem. Physiol. 

42A: 639-654; 1972. ~ 

28. Delucia, A.J., Hoqua, P.Mu, Mustafa, M;.G. and Cross, C.E.; Ozone 
interaction with rodent lung^: effect on sulfhydryls and sulfhydryl- 
containing enzyme activities. J. Lab. Clin. Med., 80: 559-566, 

1972. 

-29. Gong, H., Kurpershoek, C. J.,- Meyer, D.H., and Cross, C.E.: Effects 
of cardiac output on "O 2 * un 9 diffusion in normal resting man. 

Resp . Physiol /16: 313-326, 1972. 

30. Robin, E.D., Cross, C.E. and Zelis, R.: Pulmonary edema: Part I, 
Anatomy, Physiology and Pathophysiology. New Emg. Of. Hed. 288: 
239-246, 1973. 



31. Robin, E.D., Cross, C.E, and Zelis, R.: Pulmonary edema: Part II, 
Clinical Features, functional disturbances and therapy. Nev/ Eng . 
J. Med. 288: 292-304, 1973. 

32* Cross, C.E., Cong, II., Kurperskoek, C.J., Gillespie, J.R. and 
Hyde, R.W.: Alterations in distribution of blood flow to the 
lungs diffusion surfaces during exorcise. J. Clin . Invest . 52: 
414-421, 1973. 


33. Gee, J.B.L. and Cross, C.E.: Drugs affecting phagocytosis and 

pinocytosis. In; Pharmacology of the Cell , S. Dikstein, Editor, 
in press, 1973. 


34. York, G.K. , Arth, C., stumbo, J.A. , Cross, C.E. and Mustafa, M.G.: 
Effect of cigarette smoke and tobacco extract on lung macrophage 

’**. - function. Arch. Environ* Health, in press, 1973. 

35. Mustafa, M.G., DeLucia, A.J., York, G.K., Arth, C. and Cross, C.E.: 
0zone interaction with rodent lung: effects on oxygen consumption 
of mitochondria. J’. Lab. Clin. Med. , in press, 1973. 
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PUBLICATIONS SUBMITTED 

Giri, S.N., Hollinger, M.A., Dungworth, D.L. and Cross, C.E. : Effects 
of thiourea on pulmonary edema, pleural effusions and' peritoneal effusions 
and toxicity in rats pretreated with actinomycin D. 

DeLucia, A.J., Mustafa, M.G. and Cross, C.E.: Ozone interaction with 
rodent lung* II. Oxidation of reduced glutathione and mixed* disulfide 
formation between proteinand non-protein sulfhvdryls. 

DeLucia, A.J, , Mustafa, M.G* and Cross, C.E.: Ozone interaction with 
rodent lung. III. Oxidation of reduced glutathione and mixed disulfide 
formation between protein and non^-protein sulfhydryls. 1 

DeLucia, A.J., Mustafa, M.G., Cross, C.E* and Asghar, K.: Increased 
level of non^protein sulfhydryls in ozone-exposed rodent lungs. 

Mustafa, M^G. and Cross, C.E.; Studies of mammalian lung mitochondria: 
Effects of short-term ozone exposure on oxidative and energy metabolism. 

York, G.K., Cross, C.E., Mustafa, M.G., and Bodai, B.I.: Lung glucose-6- 
phosphate dehydrogenase stimulation by cigarette smoke. Effects of short¬ 
term ozone exposure. ^ 



Mustafa, M.G., and Cross, C.E.; Effects of short-term ozone exposure on 
lung mitochondrial oxidative and energy metabolism. 

Mustafa, M.G., and Cross, C.E.: Lung cell mitochondria: Rapid oxidation 
of glycerol!-!-phosphate but slow oxidation of 3-hydroxybutyrate. 
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CURRICULUM VITAE 


Elliot Goldstein,, M. D. 

REDACTED 

Bom : REDACTED 

Education: 


\ 


Cornell University - Chemistry, Zoology - 
Cornell Medical College - 


REDACTED 


REDACTED 


•I 




-+Uyfy 

‘ ^ vX 




,«5 -jr-.Z&'i 


rjS\V-7. ' 

* “ t * 


. ,-VV V 
* - ' 1 


> Emp loyment : 

University of California Hospital - Pathology Internship - July 1960 - June 1961, 

Mount Sinai Hospital, New York - Rotating Internship - July 1961 - June 1962. 

> 

Bellevue Hospital, First (Columbia) Division - Medical Resident - 
* * July 1962 - June 1964. 

Boston City Hospital, Channing and Thorndike Fallow in Infectious Disease - 
Harvard 1 Medical Service - July 1964 - June 1966. 

United States Army, Major - Medical Corp, Vietnam - July 1966-67, 

Fort Devens, July 1967 - 68. 

Harvard Medical School - Instructor in Medicine, Director of Tuberculosis 
Laboratory, Mattapan Sanatorium, Boston City Hospital 1 - July 1968 - 
July 1969. 

University of California at Davis School of Medicine - Assistant Professor of 
- Medicine - August 1969 - June 19 71. * “ 

University of California at Davis School of Medicine - Associate Professor of 
Medicine - July 1971 - present. 





Societv Memberships: 


REDACTED 


REDACTED 


c 




Professional Activities: 


t n •. 

Co * ‘T -*■-** 


1) Reviewer, Journal of Infectious Diseases 

2) Consultant to the Wright-Patterson Research Laboratories, Dayton, Ohio 

■ ‘ : - ' . ‘ r “ ~Jr <*SsnV 


- : 




* ~z x : : ''; / 
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PUBLICATIONS 

—exclusive of abstracts— 
Elliot Goldstein, M. B. 



1. Goldstein, E., and Rambo, 0. N.: Cryptococcal 1 infection following 
steroid therapy* Ann. Int. Med. 56:114-120, 1962. 

2. Cooper, R. A., and Goldstein, E.: Histoplasmosis of the central 
nervous system. Am. J. Med. 35_:45-57, 1963. 

3. Goldstein, E., and Janoski, A. H.: Hemophilus influenzae pvarthroses 
in an adult. Arch. Int. Med. 114 :647-650, 1964. 

4. Goldstein, E., Grieco, M. R., Finkel, G., and Louria, D. B.: Studies 
on the pathogenesis of experimental Candida parapsilosis and* Candida 
guilliermondii infections in mice. J. Inf. Pis. 115 :293-302, 1965. 


5. Kass, E. H., Green, G. M., and Goldstein, E.: Mechanisms of anti¬ 
bacterial action in the respiration system. Bact. Rev. 30:438-496, 
1966. 

6. Goldstein, E.: Pour important mycotic infections: Histoplasmosis, 
coccidioidomycosis, cryptococcosis and candidiasis - their present 
clinical status and significance. Revue de information de corps 
medicale. 4^:377-383, 1966. 

7 . Goldstein, E,., and Green, G. M.: Inhibition of pulmonary bacterial 
clearance during acute renal failure. Antimicrobial Agents and 

- Chemotherapy—1965. American Society for Microbiology. Ann Arbor, 
Michigan. 1966. pp. 22-25. 



i 8 . Green, G. M., and Goldstein, E.: A method for quantitating ititra- 

' . '.J : pulmonary bacterial inactivation in individual animals. Ji. Lab. Clin. 

..V. v ; ‘ Med. 68:669-677, 1966. 

. ■■ 1 ■ ■ 

- • i 

9. Goldstein, E., and Green, G. M.: The effect of acute renal failure on 
'* ' the bacterial clearance mechanisms of the lung. J. Lab. Clin. Hed. 68 : 

- ’• ’ 531-542, 1966. 


10 . 


C 




Goldstein, E. , Paly, A. K., and Seamans, C.: Haemophilus influenzae 
as a cause of adult pneumonia. Ann. Int. Med. 6jS: 35-4(1, 1967. 


in: 


12 . 


13. 


Goldstein, E. , and Green, G. M. : Alteration of the pathogenicitv of 
Pasteurella pneumotropica for the murine lung caused by changes in 
pulmonary antibacterial activity. J. Bact, 93^1651-1656, 1967. 


Goldstein, E.: A clinical study of falciparum and vivax malaria in 
Vietnam servicemen. Military Med. 133 :991-996, 1968. 

* . X ■ .... 

Goldstein*, E., and Porter, D.: Fatal thrombocytopenia with cerebral 
hemorrhage in mononucleosis. Arch. Neurol. 20^:533-535, 1969. 


§ 

CJ 

8v 

© 
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jmUSuu&AISi 


Source: https://www.industrydocuments.ucsf.edu/docs/yhpl0000 


2 


* 



14* Gbldstein, E., Green, G. M., and Seamans, C*: The effect of silicosis 
on the antibacterial defense mechanisms of the murine lung. J. Inf. 
Dis. 120:210-216, 1969. 

15* Fletcher, J., and Goldstein, E.: The effect of parenteral iron 

preparations on renal infection due to Escherichia coll in rats and 
mice. Antimicrobial Agents and Chemotherapy—1969. American Society 
for Microbiology. Ann Arbor, Michigan. 1970. pp, 454-457. 

16. Goldstein, E*, Green,, G. M., and Seamans, C.: The effect of acidosis 
on pulmonary bactericidal function. J, Lab. Clin. Med. 75:912-923, 
1970; 

■ > 

17. Goldstein, E.: Review of the literature pertaining to infection within 
a spacecraft* In: Infectious Disease in Manned Spaceflight: 
Probabilities and countermeasures. National Academy of Science. 

1970. Appendix A. pp. 102-136. 


18. Goldstein, E*, and Malloy, M.: Evaluation of the fluorochrome stain 
in detection of mycobacteria under routine laboratory conditions. 
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